Background/Objective: Experimental studies suggest that dietary factors may influence skin cancer risk, but there have been few human studies of diet and basal cell carcinoma (BCC), the most common type of skin cancer. The objective was to prospectively investigate the association between food intake and incidence of BCC skin cancers. Subjects/Methods: At baseline in 1992, 1056 adults in a subtropical Australian community completed a validated foodfrequency questionnaire from which we estimated the intake of 15 food groups, selected based on hypothesized associations in the literature. Between 1992 and 2002, incident, histologically confirmed BCCs were recorded in terms of number of persons newly affected by BCC, as well as BCC tumor counts. Results: Intakes of the food groups were not associated with the incidence of persons affected by BCC. However, there was a borderline positive association between intake of eggs and incidence of BCC tumors (highest vs lowest tertile adjusted relative risk (RR) 1.5; 95% confidence interval (CI): 1.0-2.2; P for trend ¼ 0.06). A borderline inverse association with potato intake (highest vs lowest tertile RR 0.7; 95% CI: 0.4-1.0, P for trend ¼ 0.06) disappeared after exclusion of three subjects with more than 10 BCCs. Conclusion: Despite some suggestive evidence that egg and potato consumption may be associated with BCC tumor incidence, there are no plausible grounds for considering these as truly causal rather than chance associations. This study provides little evidence for a role of food intake in BCC prevention.
Introduction
Basal cell carcinoma (BCC) is the most common type of keratinocyte skin cancer afflicting white-skinned populations throughout the world. The costs of screening and treatment of these cancers continue to burden health systems of many countries (Diepgen and Mahler, 2002; de Vries et al., 2004; Christenson et al., 2005) , thus improved prevention would have widespread benefit.
Although exposure to ultraviolet (UV) light is the main environmental cause of BCC (IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, 1992) , there is experimental evidence that UV damage to the skin can be modified by dietary factors such as antioxidants like vitamin C, vitamin E and carotenoids (Bialy et al., 2002; Sies and Stahl, 2004) , and by fatty acids (Black and Rhodes, 2006) .
Human studies of BCC and diet have shown mixed results. A review of 26 studies of dietary factors and skin cancer suggested that there is some evidence for a positive association between fat intake and BCC risk, but that evidence for other nutrients, including antioxidants, is either limited or contradicting (McNaughton et al., 2005) . The exact etiology of BCC is unclear, but the latency period of this common skin cancer is likely to be long and thus studies with long follow-up are required to assess the possible influence of dietary factors on its occurrence. In prospective investigations with long follow-up, we previously reported positive associations between intake of vitamins C, E and b-carotene and BCC incidence (Heinen et al., 2007) and an inverse association with serum selenium levels (van der Pols et al., 2009) . However, this previous work did not capture the complexity of whole foods with combinations of nutrients. In addition, whole foods also contain nutrients such as polyphenols, vitamin D, zinc or riboflavin which may influence BCC etiology but have not been sufficiently studied to date (McNaughton et al., 2005) . We therefore carried out a prospective study of food consumption and BCC occurrence in a community-based study in Australia, with adjustments for the sun-exposure histories of participants and other established risk factors for this cancer.
Subjects and methods

Study participants
We conducted this 11-year prospective study among randomly selected adults who had participated in a skin cancer prevention field trial as part of the ongoing Nambour Skin Cancer Study. Detailed descriptions of the community sample, the trial and its outcomes have been reported previously (Green et al., 1994 (Green et al., , 1999 . In summary, the Nambour Skin Cancer Prevention Trial was a two by two factorial design, randomized controlled trial that evaluated the effectiveness of daily consumption of b-carotene tablets and daily application of sunscreen in preventing skin cancer. The trial was conducted between 1992 and 1996 among 1621 adult residents of Nambour, a community in subtropical Queensland. At baseline in 1992, participants completed a food frequency questionnaire (FFQ). Information on phenotype, other personal characteristics and outdoor behavior was also ascertained at baseline.
Determination of BCC Trial participants were followed-up from baseline in 1992 until 2002 to ascertain occurrence of BCC. Details of skin cancer assessment methods during the trial and subsequent follow-up have been described previously (Green et al., 1994 (Green et al., , 1999 Valery et al., 2004) . In summary, participants received full skin examinations by dermatologists unaware of treatment allocation at the start (1992), midway (1994) and at the finish (1996) of the trial. All skin cancers clinically diagnosed were examined histologically by a single experienced dermatopathologist for confirmation. Skin cancers diagnosed between surveys were ascertained by regular questionnaires and by notifications from physicians with medical record's verification. After the trial ended in 1996, all participants, including those who withdrew from active follow-up, consented to have any subsequently diagnosed skin cancers notified to the investigators by the regional pathology laboratories. In addition, active participants completed 6-monthly questionnaires with information about any skin cancers treated during the preceding months.
These methods ensured virtually 100% ascertainment of histologically confirmed skin cancers (Valery et al., 2004) . Ethical approval was obtained from institutional ethics committees.
Outcomes
Two outcomes were used in the analyses: (a) incidence of persons affected by new BCCs diagnosed after the baseline 1992 skin examination survey through to 31 December 2002, in the person-years of follow-up accumulated between these dates and expressed per 100 000 person-years; (b) incidence of BCC tumors in the same person-years follow-up time as above. BCC tumors and person-years of follow-up were counted until date of withdrawal from the study, date of death or 31 December 2002, whichever came first.
Assessment of dietary intake
Habitual diet during the previous 6 months was assessed using a self-administered, semi-quantitative FFQ consisting of 129 food or food group items in 1992. The FFQ was originally developed for the US Nurses' Health Study and adapted for the Australian setting, and participants were asked to estimate how often, on average, they had eaten the given amount of food over the past 6 months. The FFQ has been described and validated previously . Food intake in grams was estimated by expressing the consumption frequency as a proportion of daily use and multiplying with the standard serving size of each food specified in the FFQ. On the basis of hypothesized associations between foods or nutrients and skin cancer in published literature, we defined 15 food groups according to type of food or major nutrient content (Appendix A). We defined 15 food groups according to type of food or major nutrient content (Appendix A) in the same way as previously done for our study of squamous cell carcinoma . These food groups or their major nutrient content have previously been demonstrated in in vitro, animal or human studies to prevent photocarcinogenesis or have shown to be associated with non-melanoma skin cancer. This includes foods rich in antioxidants (fruits, vegetables; Kune et al., 1992; Heinen et al., 2007) ; high or low in fat (low-fat dairy, processed meat, red meat, poultry; Black et al., 1995; van Dam et al., 2000) ; high in omega-3 (n-3) fatty acids (oily fish; Black and Rhodes, 2006) or high in other polyphenolic compounds (Hakim et al., 2000) . The daily intakes of food groups (in grams) were calculated by summing intakes of individual foods comprising each food group for each participant.
The FFQ was validated in a subsample of 96 Nambour trial participants by comparing intake estimates derived from the FFQ with that of weighed food records . The FFQ estimates showed good correlations (r40.50) for half of the food groups studied, including dairy products, breakfast cereals, bread and tea. Fair correlations (r ¼ 0 .42) were noted for the all vegetable (excluding potatoes) and fruit food groups combined.
Dietary measurement error correction
In the validation study, we showed that 3-37% of the variation in the difference between FFQ and weighed food record's estimates of food group intakes was explained by sex, age, body mass index, education, type of occupation, presence of certain medical conditions and use of dietary supplements. To correct gram estimates of food intake for these factors, we used the residual method described by Willett (1998) .
Statistical analyses
Participants were divided into thirds, ranked according to their estimated intake of each food group. Risk estimates for person-based analysis were estimated by generalized linear models specifying Poisson distribution with a robust error variance (Zou, 2004) . For tumor-based analysis, relative risks (RR) with 95% confidence intervals (CIs) for increasing groups of dietary intakes compared with the lowest intake group were derived using generalized linear models with negative binomial distribution and person-years of follow-up as offset. The negative binomial distribution has been recommended for analyzing non-negative integer data with variance greater than the mean (Gardner et al., 1995) and provided the best fit to our tumor count data.
Models controlling for age, sex and randomly allocated intervention group in 1992 were applied first. In subsequent multivariable models, energy intake was included to minimize extraneous variation due to differences in body size, physical activity and metabolic efficiency (Willett, 1998) . Use of dietary supplements was selected a priori because it tends to be associated with food intake and other health behaviors relevant to cancer risk (Touvier et al., 2006) . We also assessed the effect of including known skin cancer risk factors (consisting of phenotypic and sun exposure variables) on diet and BCC associations by manually adding these to the models one by one, and these were included in the final multivariable models if they changed the risk estimates by 10% or more.
Linear trends were tested by assigning an ordinal number ranging from one (for participants in the lowest tertile of intake) to three (for the highest tertile), for each participant's consumption level and modeling this value as a continuous variable. SAS statistical package version 9.1 (SAS Institute, Cary, NC, USA) was used in all analyses. All tests were twosided using a significance level of Po0.05.
Results
Of the 1143 participants with complete FFQ and covariate data at baseline, we excluded participants with unreliable dietary records including 53 who did not indicate consumption frequencies for 10% or more of the FFQ food items, and 34 with energy intakes outside the normal ranges (Willett, 1998) . The 1056 participants included in the present analyses and the original 1621 trial participants were not different in terms of randomized trial treatment allocation, age, sex, body mass index, education, occupation and skin cancer risk factors (data not shown).
In the 11-year follow-up period, a total of 501 histologically confirmed incident BCC tumors were diagnosed in 217 subjects during 10 700 person-years of follow-up (personbased incidence: 2028/100 000; tumor-based incidence: 4682/100 000). Participants affected by BCC were, on average, older, more likely to be male, to have blue/grey eye color and skin that was tanned (Table 1) . They were also more likely to report outdoor work and a skin cancer before this study, and to have severe freckling on the back and elastosis of the neck on clinical assessment.
There were no associations between food intake and the number of persons affected by BCC, with point estimates of around 1 for RRs for all food groups (results not shown). For the tumor-based analyses however, participants with egg intake in the highest group had an increased incidence of BCC of borderline statistical significance (highest vs lowest intake group multivariable adjusted RR 1.5; 95% CI: 1.0-2.2; P for trend ¼ 0.06; Table 2 ). Participants with an intake of potato in the medium and highest groups had a reduced incidence of BCC compared with those in the lowest intake group (medium vs lowest intake group multivariable adjusted RR 0.6; 95% CI: 0.4-0.9, highest vs lowest intake group multivariable adjusted RR 0.7; 95% CI: 0.4-1.0, P for trend ¼ 0.06). Intake of other food groups was not associated with BCC incidence.
Discussion
In this 11-year prospective cohort study, we found no evidence of associations between intake of foods that were hypothesized to influence skin cancer risk (such as fruit, vegetables or oily fish) and the number of persons affected by BCC. However, the data suggested that relatively high egg intake may be associated with an almost 50% higher incidence of BCC tumors, whereas participants with a medium to relatively high intake of potatoes had an B35% reduced risk of such skin cancers. BCC incidence was not associated with intake of other food groups.
Given the current knowledge about dietary factors that may influence skin cancer risk, there appears to be no plausible grounds for considering the associations between egg and potato intake and BCC incidence as truly a causal rather than chance findings. Egg consumption contributes to fat and cholesterol intake in the Western diet, and one of the few dietary trials of diet and keratinocyte skin cancers reported a protective effect of a low-fat (20% of energy from fat) diet on such cancers (Black et al., 1995) . In our study population, average egg intake in the highest intake group was 1 egg every 2 days and eggs were only a minor dietary source of fat and cholesterol for most of our participants, thus, we believe that these nutrients are unlikely to explain the observed association.
Egg yolk contains the carotenoids lutein and zeaxanthin, which have been shown to protect the skin of mice against UV-induced inflammation and photodamage (Lee et al., 2004) , but intake of these nutrients was not associated with BCC risk in our study population (Heinen et al., 2007) and is unlikely to explain the increased risk of BCC associated with relatively high egg intake.
Participants in the highest compared with lowest group of egg intake did not differ in terms of other skin cancer risk factors apart from being more likely to be female (59 vs 51%; P ¼ 0.03), and the association between egg intake and BCC incidence was adjusted for all measured confounding variables including sex. It remains possible that despite the large number of confounding factors considered, confounding by some unmeasured factor may have occurred. However, given the lack of support from previous studies and the lack of a dose-response relationship, as well as the possibility of chance findings given the large number of food groups considered and the borderline statistical significance of the association, we consider it unlikely that the association between egg intake and BCC incidence represents a causal link.
Our data also suggested a 35% reduced incidence of BCC in those with medium-to-high potato intake compared with the lowest intake group. Participants in the medium intake group did not differ significantly from the lowest intake group in terms of general characteristics or skin cancer risk factors (data not shown). In an experiment using a mouse epidermal cell lines, proteinase inhibitors I and II that were isolated from potatoes were shown to block UV-induced activator protein-1, one of the most important transcription factors in the UV response in mammalian cells (Huang et al., 1997) . However, the relevance of this experimental finding to potato consumption at normal levels of intake is unclear.
Three participants had more than 10 BCCs during the follow-up period. When we repeated the analyses by excluding these three persons, there was no longer an association between potato intake and BCC occurrence, but the positive association with egg intake remained (results not shown).
It is thus likely that this inverse association between potato intake and BCC incidence is a secondary association or again a chance finding, given the limited supporting evidence, the fact that the association was only of borderline statistical significance after multivariable adjustment, the large number of food groups considered, and the fact that the association appeared to be because of a small number of persons with a very high number of BCCs.
We had previously shown that both egg and potato intakes were associated with a 'meat and fat' dietary pattern in this study population, though this pattern was not itself associated with BCC incidence and Food intake and basal cell carcinoma risk JC van der Pols et al thus these foods are unlikely to be surrogate measures for other dietary factors which have associations with BCC incidence. Major strengths of this study are its prospective nature and analysis of histologically confirmed BCC only, as ascertained through an extensive surveillance system. We consider any bias because of misclassification of participants due to misdiagnosis or missed diagnosis of skin cancer unlikely. Analyses were based on a single estimate of food intake, thus, we cannot exclude the effects of subsequent dietary or lifestyle changes on these results. Chance findings owing to our investigation of multiple food groups could have occurred, and this seems possible in the light of the marginal statistical significance of the associations, the lack of trend in risk with increasing potato intake and lack of other supporting evidence for the observed associations albeit from limited previous investigations of foods and BCC risk. We consider the possibility of false-negative findings for some food groups, as this study was carried out in a population in which very low or no consumption of many of the food groups was relatively uncommon. Thus, the spread of intake levels tended to be confined to levels of food intake that are probably sufficient to address nutrient requirements.
In summary, we found no evidence for a role of food intake in BCC prevention. Despite suggestive evidence from our study that consumption of eggs and potato may Corrected for measurement error, using the residual method to correct grams of food group intakes for age, sex, body mass index, school-leaving age, type of occupation, reported medical condition (yes/no) and use of dietary supplements (yes/no). b All multivariable negative binomial regressions were adjusted for age (continuous), sex, energy intake (kJ per day), skin color, number of painful sunburns, elastosis of the neck, occurrence of skin cancer before the trial (yes/no), treatment allocation during the trial, use of dietary supplements (yes/no).
be associated with BCC tumor incidence, there are no plausible grounds for considering these as truly causal rather than chance associations. We conclude that this study provides little evidence for a role of food intake in BCC prevention.
